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ABSTRACT 

The Chinese Small Telescope ARray (CSTAR) is the first telescope facility 
built at Dome A, Antarctica. During the 2008 observing season, the installation 
provided long-baseline and high-cadence photometric observations in the z-band 
for 18,145 targets within 20 deg 2 CSTAR held around the South Celestial Pole 
for the purpose of monitoring the astronomical observing quality of Dome A and 
detecting various types of photometric variability. Using sensitive and robust 
detection methods, we discover 274 potential variables from this data set, 83 of 
which are new discoveries. We characterize most of them, providing the peri¬ 
ods, amplitudes and classes of variability. The catalog of all these variables is 
presented along with the discussion of their statistical properties. 

Subject headings: binaries: eclipsing — catalogs — methods: data analysis - 
stars: variables: general — surveys — techniques: photometric 
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1. INTRODUCTION 

The study of variable stars has long been an essential part of astronomical research and 
is the mainstay for understanding stellar properties as well as stellar formation and evolution. 
Variable stars play a crucial role in such astrophysical pursuits as the age of Universe, the 
cosmological distance scale, the composition of the interstellar medium and the behavior of 
the expanding Universe. 

Large telescopes are not suitable for studies of low-amplitude variations at high cadence, 


due to limitations of observing time (Swift et al. 2014), lack of proper instrumentation, 


and/or insufficient photometric precision (Tonry et al. 2005). In recent years, there has been 
a rapid progress in the longitude-distributed (e.g., HATNet: Bakos et al. 2004; HATSouth: 
Bakos et al.2013) and space-based (e.g., Kepler: Borucki et al. 2010; CoRoT: Baglin et 
al.2006) transiting surveys providing an enormous amount of high-precision time-resolved 
photometric data, resulting in a rapidly increasing number of variability detections that are 
collected by variable star catalogs such as the Variable Star Index 10 (VSX) or the General 
Catalog of Variable Stars (GCVS, Samus et al. 2012). In addition to these surveys, the 
variable sky can be efficiently explored by the Antarctic photometric survey. 

The extremely cold, dry, steady, transparent, and dark Antarctic winter skies provide 
favorable conditions for a diverse and extensive range of astronomical observations, including 


photometric variability detection (Burton 2010, and references therein); The long polar night 


in Antarctica greatly facilitates the detection of low-amplitude variables with relatively long 
period which require continuous photometric monitoring. Furthermore, the low levels of 
atmospheric turbulence at Antarctica results in a decrease in scintillation noise, leading 
to superior photometric precision (Kenyon et al. 2006). The pre-eminent conditions for 


photometric observations at Antarctic Plateau have been utilized and quantified by the 


previous observing facilities conducted at different Antarctic sites: SPOT (Taylor et al. 1988) 


at the Amundsen-Scott South Pole Station; the small-IRAIT (Tosti et al. 2006), ASTEP 


South (Crouzet et al. 2010), and ASTEP-400 (Daban et al. 2010) at Dome C Concordia 
Station. 

Dome A, located 1, 200 km inland on the Antarctic Plateau, is thought to be the coldest 
place on Earth. At 4, 093 m Dome A is also the highest ice feature of Antarctica. An analysis 


carried out by Saunders et al. (2009) who considered the weather, precipitable water vapor, 


the boundary layer, the free atmosphere, aurorae, airglow, thermal sky emission, and surface 
temperature led them to conclude that Dome A may be the best site on Earth. 


10 http://www. aavso.org/vsx/ 
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With the aim of taking advantage of and quantifying these favorable astronomical ob¬ 
serving conditions at Dome A, the Chinese Small Telescope ARray (CSTAR) was shipped 
and established there in 2008 January. In the same year, approximately 300,000 /-band 
photometric images were collected during nearly continuous observations for more than four 
months, resulting in a high-precision catalog (see Figure [I]) of 18,145 stars in a field centered 
on the South Celestial Pole ( Zhou et al.||2010a[ |Wang et al.||2012 2014a), which makes these 
data an excellent source for detection of various types of photometric variability. 

A first characterization of the stellar variability in the CSTAR field has been published 


by Wang et al. (2011, 2013). In this paper we present the more fruitful results of a search 


for variable stars in this field based on the higher-precision light curves, obtained from 
independent analysis of the CSTAR data set from the observations in 2008. 


The layout of the paper is as follows. The CSTAR telescope system setup, the obser¬ 
vational strategy and data reduction processes are briefly described in Section 2. In Section 

3, we detail the techniques of variable-star detection and period determination. In Section 

4, we present and discuss the results of variable-star search in the CSTAR field. Lastly, the 
work is summarized in Section 5. 


2. INSTRUMENT, OBSERVATIONS AND PREVIOUS DATA 

PROCESSING 

2.1. Instrument 


CSTAR, controlled from the PLATO autonomous observatory (Lawrence et al. 2009 


Yang et al. 2009), consists of four fixed, co-aligned 14.5cm (effective aperture of 10cm) 
telescopes, each with a different optical filter in SDSS bands: r, g, i and open. Each telescope 
is equipped with a IK x IK Andor DV 435 frame transfer CCD camera with a pixel size of 
13 //m and an angular resolution of 15 arcsecpixeU 1 , yielding a 4°.5 x 4°.5 wide field of view 


(FOV) around the South Celestial Pole. Details of the CSTAR facility can be found in Yuan 


et al. (2008) and Zhou et al. (2010b) 


2.2. Observations 

CSTAR, the first photometric telescope to enter operation at Dome A, was successfully 
deployed there in 2008 January, and operated for the subsequent four winters until it was 
retrieved in 2012 to be repurposed. The data set analyzed in this work was collected from 
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2008 March 4 to August 8. In this observing season, about 1728 hr observations provided 
some 0.3 million i-band frames for 18,145 stars with exposure times of 20 s or 30 s. A detailed 
description of the CSTAR observations in 2008 is given in Zhou et al. (2010a). 


2.3. Previous Data Reduction 


To achieve mmag photometric precision for the bright CSTAR objects, the data set was 


calibrated and reduced using a custom reduction pipeline as described in detail in Zhou et 


al. 

(2010a 

) and 

Wang et al. ( 

2012, 

2014a) 


reducing the CSTAR data are briefly reviewed. 

After the bias and the flat field were corrected, aperture photometry was performed on all 
CSTAR frames. Using the 48 bright local calibrators, the CSTAR instrumental magnitudes 
were then calibrated to the SDSS i. Instead of registering every CSTAR photometric catalog 
to an external astrometric reference catalog, we generated light curves of 18,145 point sources 
in the fixed CSTAR held by matching all CSTAR photometric catalogs to a master catalog 
using a triangle matching algorithm (Valdes et al. 1995). The master catalog, constructed 


from 10,000 CSTAR frames taken in the best photometric conditions, was astrometrically 
registered to the USNO-B catalog (Monet et al. 2003) by only solving for the frame center and 
rotation angle, producing relatively large astrometric residuals (The coordinates of identified 
variables in this study are provided by cross matching against 2MASS catalog : Skrutskie 
et al. 2006. The original CSTAR coordinates are retained only as the index of the released 
light curves: Zhou et al. 2010a, Wang et al. 2012, 2014a). After that, the first version of 


the CSTAR photometric catalog, detailed in Zhou et al. (2010a), was constructed. 


For detection of low-amplitude photometric variability, including planetary transits, 
the first version of the CSTAR photometric products were further refined by employing 
corrections for additional systematic errors, as outlined below. 

For mmag photometry, uneven atmospheric extinction across the large CSTAR FOV 
(4.5° x4.5°), especially under bad observing conditions, cannot be ignored; This was modeled 
and corrected by comparing each CSTAR photometric frame to a master frame. For details 


on how this refinement was achieved, see Wang et al. (2012) 


The residual of the flat-held correction shows up as daily systematic variations in stellar 
flux during the diurnal motion of the stars on the static CSTAR optical system. It was 
effectively corrected by comparing each target object to a bright and constant reference star 


in the nearby diurnal path. We refer the reader to Wang et al. (2014a) for more details. 
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3. VARIABLE STAR DETECTION 

In this section, we concentrate on the procedures for the variable star detection, begin¬ 
ning with a review of the final photometric precision of the CSTAR data, continuing with a 
description of the methods used to sift the variables, and finishing with a discussion of the 
robust techniques adopted to eliminate the false-positive detections. 


3.1. Photometric Precision 

The resulting light curves from the ensemble photometry stage of our pipeline typically 
reach a precision of ~ 0.004 mag at 20 s or 30 s cadence for the brightest non-saturated stars 
(i = 7.5), rising to ~ 0.02 mag at i = 12. The distribution of the standard deviation of light 
curves is shown in Figure [TJ Each point represents the rms of a 20 s or 30 s sampled light 
curve with more than one hundred-day observations. 


3.2. Detection of Variables 


3.2.1. Detection of Variables in General 


In this section, we identify possible photometric variability from the CSTAR data set 
in two steps. The first involves the relation between the light-curve standard deviations and 
their median i magnitudes as shown in Figure [lj Naturally, the variable stars are expected to 
present higher deviations than non-variable stars with the same brightness. For that reason 
an object is tagged as a variable candidate if its standard deviation is three times higher 
than the typical value at its magnitude. 


As pointed out by Rose & Hintz (2007), this method is not sensitive to low-amplitude 
variables. Moreover, remaining systematic effects or even several problematic data points 
in the light curve will result in a higher deviation, which can give rise to false-positive 
variability detection. To further identify variable stars, we employ the Stetson variability 
index J defined by Stetson (1996) and modified by Zhang et al. (2003) to our data set. The 
J statistic is given as 


J = 


Y^k=i u kSgn(P k )^/\K\ 


( 1 ) 


E n ? 

k =1 u k 

where u>k is the time-related weighting factor assigned to the k th pair of measurements, 













calculated by 


( 2 ) 


c Ok = exp( 


At k 

At 


where A t k is the time interval for the k th pair of measurements and At is the median time 
interval for all pairs of measurements. The expression P k is the product of the normalized 
residual for the k th pair of measurements and is given by 


Pk 


n 

n — 1 


- m^m 2 ,k ~ m, 


01 ,k 


02 ,k 


( 3 ) 


where and m 2jk are the first and second magnitudes of the k th pair of measurements, 
crgfc and cr 2 ,fc denote the propagated errors associated with these measurements, m is the 
median magnitude, and n is the number of observational pairs. The Stetson J index is small 
when the normalized magnitude residuals P k are uncorrelated, as in the case of non-variable 
stars, even those with high values of standard deviation. Real variable stars have correlated 
magnitude measurements across pairs of subsequent observations, which will increase the 
Stetson J index for such sources, ft is therefore particularly reliable when checking for 
correlated variations in subsequent measurements. Figure [2] presents the distribution of the 
variability index J for all target objects in the CSTAR data set. The empirical limiting value 
of J = 0.4 is applied to distinguish possible variable candidates from non-variable stars. 


3.2.2. Further Detection of Periodic Variables 


An example of a clear transit event, obtained by the transit search (Wang et al. 2014b) 


in the CSTAR data set, is shown in Figure [3] The low J = 0.088 and rms = 0.029 values of 
this star indicate that both methods described in section 3.2.1 are not effective approaches 
for detecting low-amplitude periodic variables. In order to maximize the detection yield 
and to search for periodicities, we perform a further analysis of our data set especially for 
periodic variables. 

Two methods are applied to search for periodic signals among all the CSTAR objects. 


The analysis of variance (AoV) method, introduced by Schwarzenberg-Czerny (1996), is 
applied as the first step. In this method, after the light curve is phased and binned with a 
series of trial periods, the best period is determined to minimize the ratio of the intra-bin to 
the overall inter-bin variances. Although it is a time-consuming process, the AoV statistic 
is applied with N = 7 harmonics to all the CSTAR objects to obtain power spectra between 
0.01 and 100 days. Light curves which show significant AoV statistics (detection threshold 
> 6) are folded with their respective frequencies and then inspected visually before accepted 
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as periodic variables. Figure [4] shows as an example the phased light curve of a randomly 
selected periodic variable found in this manner. 

Since this method is not optimal for detecting transit events, a more sophisticated 
transit-sifting algorithm (BLS, Kovacs et al. 2002) is applied to the CSTAR data set to 
identify three transit-like events (see Figure [3] for example). 


3.3. Data Validation 

Since the detection products are inevitably affected by the remaining systematic effects 
presented in the CSTAR data set, additional tests are performed to distinguish spurious 
signals from the true stellar variability. The variable candidates which meet any of the 
following criteria are discarded. 

• Frequencies with Poor Phase Coverage. Gaps or clumpy data points in the phased 
light curve would lead to aliasing. A visual inspection is made of each detected variable 
candidate. Surviving variable candidates are required to have smoothly sampled phased 
light curves. 

• Periods at Known Aliases. Both AoV and BLS period-search algorithms suffer from 
aliasing originating from the remaining systematic errors in the CSTAR data set. It 
generates false period peaks at frequencies associated with 1 d and at some other com¬ 
monly occurring frequencies. To minimize the number of false-positive detections, 
objects with detected periods close to known aliases are excluded. 

• Photometric contamination. False variablity may result from non-variable objects con¬ 
taminated by the nearby variables. This kind of spurious variables can be eliminated 
by comparing their light curves to the light curves of nearby sources that can be re¬ 
solved by the CSTAR images. Note the large pixel scale (15 arcsecpixeR 1 ) of CSTAR 
would inadvertently leave unresolved blending in the data set, which reqiure follow-up 
time-series photometry with instrumentation giving high spatial resolution to confirm 
their variability. 

In addition, in case of uncertainty, the related images are inspected by eye. A hot pixel 
or cosmic ray can affect the star or sky value used for photometry. The bright wings of 
saturated stars or a satellite track can also seriously impact the measurements. After 
detailed visual inspection, 274 objects which show robust variability are finally selected 
as the reliable variables in the CSTAR field. 


4. 


RESULT AND DISCUSSION 


4.1. Result and Statistical Discussion 


About 18,145 objects down to i — 14.8 are used to detect variability in 20 square degrees 
of the CSTAR FOV. The variability-searching process finally yields 274 (~ 1.51 percent of 
the total objects) variables, including 221 with clear periodicity. All these objects along with 
their detailed information are presented in Table [l] and Table [2j The stellar identifcr is of the 
form ‘CSTAR J hhmmss.ss + ddmmss.s\ based on their coordinates from the first release 
of the CSTAR photometric data set (Zhon et ah 2010a). 


As a summary of our hirelings for the CSTAR project, histograms of the amplitude, J 
index, magnitude as well as determined period for the detected variable stars are shown in 
Figures 5 to 8. 


The amplitude distribution (Figure [5]) for the identified variables in the CSTAR data 
set yields a rapid falloff at larger amplitude. A significant number of small amplitude 
(amplitude < 0.05) variables is detected. Not surprisingly, the fraction of stars that are 
significantly variable is less than the fraction of stars with small amplitude variability. 


Although the variability-detection fraction increases with the J index (upper panel in 
Figure [6]) , a number of identified variables with relatively lower J index (bottom panel in 
Figure [6]) indicates that the Stetson variability J index statistic alone is not an effective 
variable-selection criterion. That is the reason that the multiple detection techniques are 
adopted in this paper, which significantly increase the efficiency of detection. 


The increasing photometric noise in the faint end would lead to a fall in variability- 
detection fraction. This selection bias is reflected clearly in the fractional distribution of the 
identified variables as a function of their i magnitude (Figure [7]). 

We see that the period histogram (Figure [8]) for the detected periodic variables yields a 
somewhat expected distribution. The distribution peaks at slightly less than 3.5 d, and the 
shorter periods are 5 times more prevalent. Our data set is not sensitive to longer periods, 
partly due to (1) limitation of the observational time baseline, and (2) the intrinsic frequency 
of these short-term variables in the entire population of the variables. 


4.2. Comparison with Previous Work 


CSTAR data collected during both 2008 and 2010 observing season have been indepen¬ 
dently analyzed and used to detect the variables by Wang et al. (2011, 2013); It provides a 












9 


great opportunity to compare and contrast the scientific results of the two groups in detail. 


The identified variables in this study are cross-matched with the previous variable cat¬ 


alog (Wang et ah 2011, 2013) from the same data set. We recover 191 of 224 previously 


known variables. In Table [lj we summarize our recovery attempts in detail. The periods 


determined by us are generally in agreement with the periods given by Wang et al. (2011 


2013). The improved periods for seven stars which show a clear disagreement in the period 


determination are checked carefully by reviewing their periodograms and light curves. 

Moreover, 83 of our variables have no best counterpart in theirs. These objects are 
considered as new variables and are summarized in Table [2] These objects, including 60 
periodic variables (see Figure [9j phased light curves) and 23 non-periodic or quasi-periodic 
variables (see Figure [l0} light curves), with quite clear variability match our detection criteria 


very well, but were not reported by Wang et ah (2011, 2013). 


On the other hand, we are not able to confirm the photometric variability for 33 targets 
reported as variables by Wang et ah (2011, 2013). All of these cases are listed in Table [3j 
and are carefully inspected. It is likely that four of their variability are originating from 
systematics with the aliased frequencies. The 29 objects show no significant photometric 
variability at the limits of our detection sensitivity. 


4.3. Variability Classification 


The variability of stars is usually caused by intrinsic (pulsating, eruptive, cataclysmic) 
or extrinsic (eclipsing, rotating) factors, or any combination of them. 

To assist in the classification of the identified variables in the CSTAR data set, the lu¬ 
minosity classes and spectral types given in the VizieR (Ochsenbein et ah 2000) are utilized, 
when available. Additionally, the remaining variables are cross-correlated with existing cat¬ 
alogs using a 30".0 match radius to provide their JHK magnitudes (2MASS: Skrutskie et 
ah 2006) and proper motions (PPMXL: Roeser et ah 2010). This allow us to estimate their 
luminosity classes and spectral types. 

We use the V — K color together with the reduced proper motion (RPM; Luyten 1922) 
to separate the main-sequence dwarfs from giants (Street et ah 2007| |Clarkson et ah 2007 


Hartman et ah 2011). Here the RPMy'- is calculated as 


RP My = V + 51og 10 (/i/1000), 


(4) 


where the V magnitudes are transformed from their cross-referenced 2MASS JHK magni¬ 
tudes (Hartman et ah 2011), // is the proper motion in units of masyr -1 taken from the 
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PPMXL catalog (Roeser et al. 2010). {RPMy, (V — K)} space, as displayed in Figure |TT| 


has been shown to be a powerful diagnostic tool in distinguishing dwarfs from giants (Street 


et al.||2007 Clarkson et al.||2007 Hartman et al.||2011 ), as the latter lean towards lower values 
of RPMy, and higher V — K. For the variables without recorded spectral classification, The 
color indices, derived from 2MASS JHK magnitudes, are used to estimate their expected 
spectral types (Bessell & Br ettfl98 8). Given the uncertainties inherent in the above analyses 
which are made from proper motion and color indices alone, these rough estimates are thus 
not provided in the final variable catalog. 


Based on these detailed stellar information together with the noteworthy features (shape, 
period, and amplitude) of the variable light curves, all the detected variables in our data set 


are grouped into the following classes according to the GCVS-based schema (Samus et al. 


2012 ). 


Pulsating stars are described by S Scuti type (DSCT), RR Lyrae type (RL), 7 Doradus 
type (GD), Cepheids (CEP), and S Cephei-type (DCEP) variables. Eclipsing binaries are 
subdivided into Algol type (EA), /3 Lyrae type (EB), and W Ursae Majoris type (EW). 
Some shallow eclipsing signals are identified as transit-like events (TR); Follow-up studies 
with these stars are needed to confirm whether or not they might be genuine transiting 
planets. Rotating variables are categorized within the three major groups: BY Draconis-type 
variables (BY), a 2 Canum Venaticorum variables (ACV), and ellipsoidal variables (ELL). We 
also introduce a category spotted stars (SP) for the cases showing variability characteristic 
features of the stellar spots, but the precise type of which could not be determined. In 
addition, some variables exhibiting unknown features are classified as Irregular variables 
(IR). This class also includes the cases for which the variable periods appear longer than the 
observational baseline. 


The type of variability assigned to each variable star is presented in Table [T| and 2 . The 
statistic overview of the classification are provided in Table |4} 


Finally, we cross match our detections with the ROSAT catalog (Voges et al. 1999 


2000) using a 30".0 match radius. A total of 12 periodic variables are successfully correlated 


to the ROSAT X-ray sources, including eight of 44 BY Dra stars, three of 23 ellipsoidal 
variables, and one of 27 Algol type eclipsing binaries, which all are common X-ray emitters 
(Norton et al. 2007; Christiansen et al. 2008 Hartman et al. 2011). The results of the 


correlation are included in Table Q] and 2. 

Of the 191 recovered variables, our analysis shows that 71 (37%) agree with the classi¬ 


fication in Wang et al. (2011, 2013), 108 (57%) previous ungrouped variables are classified, 


and 12 variables ( 6 %) disagree with the previous category and are reclassified. We are con- 
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fident that our classification is more reliable, as it is indicated by not only the noteworthy 
features of the variable light curves, but also their detailed stellar information. 


5. CONCLUSIONS 


In 2008 polar night, more than four months of high-duty-cycle photometric observations 
with the Antarctic CSTAR telescope provided long-baseline, high-cadence light curves of 
18,145 stars in a 20 deg 2 held centered at the South Celestial Pole. 


From this data set we present a catalog of 274 stars exhibiting clear photometric vari¬ 
ability, including 83 new variables and 191 already known variables, along with the statistical 
properties and classification of them. Of all these variables, 58 are eclipsing binaries, 163 
are other type periodic variables, and 53 are non-periodic or quasi-periodic variables. It is 
expected that our knowledge of variables will continue to improve when the CSTAR 2008 
data are combined with the multi-band photometric data of subsequent years. 


These detections show the favorable quality of Dome A to carry out continuous and 
long-duration photometric observations, serving a precursor in advance of future photometric 
surveys conducted at Dome A such as AST3 (Cui et al. 2008) and KDUST (Zhao et ah 2011). 

In addition, all of photometric data products, including CSTAR 2008 catalog and light 
curves for both already known and newly discovered variables, are available online 
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Fig. 1.— Photometric quality of the CSTAR 2008 data set. The standard deviation (20 
second or 30 second sampling; 158 day time scale) of each CSTAR light curve is plotted as 
a fuction of their median i magnitudes. The solid orange line represents the trend of this 
distribution. Objects above 3 a threshold (the dashed orange line) are tagged as variable 
candidates. 
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Fig. 2.— Distribution of the Stetson variability J index for all the objects in the CSTAR 
held. The dashed line marks onr threshold for variability detection, J = 0.4. 
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Fig. 3.— Example of a clear low-amplitude variable (CSTAR J183051.60-884322.6) in the 
CSTAR data set. It cannot be readily identified through the statistical analysis of mag-rms 
relation or Stetson variability J index due to both low rms = 0.029 and low J index = 0.088 
of this star. For that reason, use of AoV and BLS periodic analysis is motivated by the 
possibility that low-amplitude variables (as in this case) may have potential periodicities 
which could be reflected in their periodograms (lower panel). 
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Fig. 4.— Example for one of the periodic variable stars (CSTAR J061948.66-872043.4) 
detected in this study. The top panel shows the i-band light curve phased on its period of 
0.491 days, with AoV periodogram plotted below. The period of this object is indicated by 
the arrow. 





19 


100 


S 80 
x> 

a 

I 60 

u 

1 40 

> 20 


0 

0.0 0.1 0.2 0.3 0.4 0.5 

Amplitude [mag] 



Fig. 5.— Histogram of amplitude for all the variables found in the CSTAR 2008 data set. 
Note a rough decline from small to large amplitude. 
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Fig. 6.— (top) Fraction of variable stars as a function of Stetson variability J index. Al¬ 
though the variability-detection fraction increases with the J index, a number of identified 
variables with relatively lower J index indicates that the Stetson variability J index statistic 
alone is not an effective variable-selection criterion. The multiple detection techniques are 
required to ensure the completeness of the detection, (bottom) Distribution in the number 
of variable stars as a function of J index. Similar to Figure |5j we note an expected decline 
from small to large J. 
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Fig. 7.— Fractional distribution of magnitude for the identified variables in the CSTAR 
held. 
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Period [day] 


Fig. 8.— Period distribution of the detected periodic variables in the CSTAR 2008 data 
set. We note a rapid falloff at longer period and a peak in the period of < 3.5 d. Although 
the efficiency of detecting short-term variables is significantly higher, thanks to more than 
four-month high-duty-cycle observation during the Antarctic winter, the longest period of 
detected variables in the CSTAR 2008 data set is up to 88.39 d. 
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Fig. 9.— i-band phased light curves for 60 periodic variables newly discovered in the CSTAR 
held, in order of increasing right ascension. The identifer for an object together with its me¬ 
dian light-curve magnitude, best-determined period, and maximum peak-to-peak amplitude 
are shown in each panel. 
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Fig. 9.— Continued 
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Fig. 10.— 2 -band light curves for 23 non-periodic or quasi-periodic variables newly discovered 
in the CSTAR field, in order of increasing right ascension. The identifer for an object together 
with its median light-curve magnitude and maximum peak-to-peak amplitude are shown in 
each panel. 
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Fig. 11.— V — K vs. reduced proper motion (RPMy) diagram for the identified variables 
in the CSTAR field. Giants are separated from dwarfs, as they lean towards lower of RPMy 
and higher V — K. A polynomial boundary (the dashed line) separating the two groups is 
taken from Clarkson et al. (2007). 







Table 1. Catalog of Recovered Variables from the Previous Study in the CSTAR Field 
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Table 4. Distribution of Variables in the CSTAR Field by Type. 


Type 

Recovered Variables 

Newly Discovered Variables 

Total Variables 

ACV 

2 

1 

3 

BY 

35 

11 

44 

CEP 

1 

1 

2 

DCEP 

2 

1 

3 

DSCT 

10 

7 

17 

EA 

21 

6 

27 

EB 

3 

0 

3 

EW 

20 

8 

28 

ELL 

13 

10 

23 

GD 

12 

4 

16 

IR 

30 

23 

53 

RL 

6 

2 

8 

SP 

34 

8 

42 

TR 

2 

1 

3 

Total 

191 

83 

274 


Notes. The first column is an alphabetical type of variability: ACV, a 2 Canum Venaticorum variables; BY, BY Draconis-type 
variables; CEP, Cepheid variables; DCEP, 5 Cephei-type variables; DSCT, S Scuti-type variables; EA, Algol-type eclipsing 
binaries; EB, f3 Lyrae-type eclipsing binaries; EW, W Ursae Majoris-type eclipsing binaries; ELL, Rotating ellipsoidal 
variables; GD, 7 Doradus variables; IR, Irregular variables; RL, RR Lyrae-type variables; SP, Spotted variables that are not 
classified into a particular class; TR, Transit-like events. 



